T
HE occurrence and recognition during life of bilateral carotid-cavernous sinus fistulas is very rare. In 1971, Voigt, et al./ found four cases of angiographically verified bilateral lesions in the literature la'5,' and added one further case. To our knowledge, only three subsequent cases have been reported. 4'7 Of these eight cases three were of spontaneous onset, four of traumatic origin, and one developed after very minimal trauma in a patient with bilateral internal carotid artery aneurysms. 2 Only two were treated successfully by surgery.
We are reporting a case of bilateral traumatic carotid-cavernous fistulas and its successful surgical management.
Case Report This 14-year-old girl was admitted, comatose and in severe respiratory distress, following an automobile accident in September, 1972. Blood was coming from both nostrils and both external auditory canals. The right pupil was dilated and fixed to light; the left pupil reacted sluggishly and the eye deviated inward with occasional nystagmoid movements.
Examination. No papilledema and no cranial bruits could be found. Deep painful stimulation produced nonpurposeful movements of the left arm and leg only. Plain skull films showed multiple linear fractures in the left temporoparietal area. A left carotid arteriogram was performed when the patient's respiratory status had stabilized; it showed no midline shift, but revealed disruption of the cavernous portion of the internal carotid artery (ICA) with opacification of the cavernous sinus and early filling of the left internal jugular vein. The right side was not studied.
Over the next 6 days the patient required tracheostomy, and developed bilateral orbital chemosis and a right orbital bruit. Nine days after injury bruits were present over both eyes, and on the twelfth day, cerebral arteriography by femoral catheter was performed. The left-sided injection showed immediate filling from the intracavernous portion of the ICA of large, tortuous venous structures in the region of the left cavernous sinus. In addition, there was cross filling into the right anterior and middle cerebral arteries and demonstration of a right carotidcavernous fistula (Fig. 1 left) . This was confirmed by a right ICA injection; the right injection did not fill the left-sided fistula (Fig. 1  right) . A vertebral study failed to demonstrate either fistula, although flash filling of both right and left anterior circulations was noticed.
First Operation. One month after injury the patient was alert, moving all extremities, and asking questions. Bilateral orbital chemosis and proptosis persisted as did the loud bruit. Seven weeks after the accident a right frontal craniotomy was performed with intracranial ligation of the right ICA above the origin of the ophthalmic artery. The right cervical carotid artery was exposed and the ICA ligated 1.0 cm above the bifurcation, after unsuccessful attempts were made to pass muscle emboli into the fistula. Following surgery there was some improvement of symptoms. Arteriography showed no filling of the right fistula from the left ICA or the left vertebral artery, but showed persistence of the right-sided defect by feeders from the right external carotid artery through communication with the ophthalmic artery as well as by direct meningeal branches.
The patient was transferred to the University of California Medical Center in November, 1972, for direct surgical obliteration of the bilateral fistulas. At the time of transfer, she was blind in the right eye, had a visual acuity of 20/400 in the left eye, and severely limited extraocular motion Second Operation. A left frontal craniotomy was done, the left cavernous sinus exposed under direct vision, and the location of the fistula in the posterior portion of Parkinson's triangle documented by intraoperative angiography. Six feet of 2/1000-inch diameter copper wire was inserted directly into this area of the cavernous sinus through thin-walled hypodermic tubing; this was followed by several short 26 to 29-gauge copper needles. Direct anodal current (0.02 to 0.5 mA) was applied to the ends of the wire and needles for 60 to 120 seconds each to initiate thrombosis. Following the insertion of each needle or wire, the progression of the thrombosis was monitored with intraoperative angiograms. Diminished but persistent posterior filling of the fistula was stopped by slowly injecting a 50:50 mixture of liquefied bone wax and mineral oil into the midportion of the cavernous sinus inferior to the cavernous carotid artery. Postoperative angiography showed closure of the left fistula (Fig. 2 left) , but persistence of the right, which was fed by retrograde flow from the right external system (Fig. 2 right) .
Third Operation. Three weeks later the right-sided craniotomy was reopened, and that fistula was successfully obliterated by the same direct cavernous sinus coagulation technique (Fig. 3) .
Postoperative Course. Seven months after injury, in April, 1973, a follow-up angiogram indicated complete occlusion of both carotidcavernous fistulas. The patient remains blind in her right eye and the eye is deviated medially with limited abduction and upward gaze. Vision in the left eye has returned to 20/50, uncorrected, with full extraocular movements. Hypalgesia, present before surgery, persists in the first division on the right. The patient is alert, active, and pursues the normal existence of a healthy teenager.
Discussion
The diagnosis during life of bilateral carotid-cavernous fistulas can only be made by angiography as it is well known that a single fistula can produce bilateral symptomatology. 6 However, the presence of Two of the eight previously reported cases were treated surgically, and both survived (Table 1) . s,g The patient of Mason, et al.? underwent a right-sided "trapping" procedure, followed by ligation of the left internal and common carotid arteries; the patient has a residual bilateral abducens palsy and left first and second fifth nerve sensory deficit. Zander's 9 patient had bilateral muscle embolization of the fistulas when it became apparent during an attempted right-sided trapping procedure that bilateral fistulas were present. The only deficit remaining was bilateral abducens palsy.
The risks of mortality and morbidity with bilateral carotid occlusion and/or embolization are considerable. Obliteration of the involved venous structures with closure of the fistulas and preservation of the carotid arterial circulation offers an attractive alternative. The technique has been described previously; 8 the copper wire used is soft and small in diameter and will not damage the neurovascular structures in the cavernous sinus. The larger diameter copper needles, however, could skewer the cranial nerves and lead to permanent damage. Therefore, by using a large quantity of the copper wire, and facilitating the occlusion with the bone waxmineral oil mixture, the use of a large quantity of copper needles is minimized.
The successful outcome of this case indicates the value of induced cavernous sinus thrombosis as the definitive procedure for treatment of single or bilateral carotidcavernous fistulas.
